ABSTRACT: Agricultural credit risk migration is examined using loan records gathered from four agricultural lenders. Results indicate that lender risk ratings are much more stable than ratings based on credit scores estimated from financial statements, highlighting the importance that non-financial factors such as management capacity, character, and collateral play in assessing credit risk. Additionally, the borrower's risk tier, personal characteristics, and the stage of the business life-cycle provide useful information in predicting credit quality downgrades, while the primary agricultural enterprise does not impact the likelihood of a downgrade.
the main obstacles to the study of credit risk migration, the proprietary nature of borrower data.
Although the data come from institutions in the Northeastern U.S., they are regulated by national regulatory agencies, and there is little reason to believe that the risk rating processes and standards employed by these institutions are fundamentally inconsistent with risk rating systems and processes used by lenders in other regions. The time, cost, and confidentiality of the data collected also limited the number of lenders from whom such data could be collected. In order to overcome sample size issues, data on a large number of borrowers from these lenders were gathered.
Previous Research
Barry, Escalante, and Ellinger used farm record keeping association data to examine credit risk migration. Using financial performance data from a large number of Illinois farms over the period of 1985-1998, they calculated credit scores for the farms and developed migration matrices that describe how the scores changed over time. While this approach is reasonable, it is not clear how closely credit ratings estimated from farm financial performance correspond to the internal credit ratings assigned by agricultural lenders. Many factors make it unlikely that internal credit risk ratings will exhibit as much variability as those estimated from farm financial data.
When originating a loan, the lender decides whether the borrower represents an acceptable credit risk. In this process the lender balances the costs of loan misclassification associated with Type I and II errors (LaDue; Nayak and Turvey). In some cases this judgment may require a great deal of financial information, and in other situations it may require very little financial information. Although most lenders will undertake annual reviews of credit quality, some borrowers may be subject to more frequent and thorough reviews than others. The frequency of review and depth of the analysis may play an important role in the likelihood that the lender's assessment of credit risk will change. While the borrower might experience significant changes in financial performance, unless their situation is reviewed or they experience a payment problem, their credit rating may remain unchanged.
In a study designed to identify important variables for credit risk rating models, Zech and Pederson conclude that it is important to separately consider farm financial performance and repayment capacity. This approach is consistent with the loan officer and the financial institution taking a long-term (multi-year) approach to assessment in which they consider the current economic condition for the type of agricultural enterprise involved. Given the cyclical nature of agricultural prices, periodic "bad years" for any business are almost a certainty. Lenders likely factor these cycles into their original risk rating and any subsequent changes in a borrower's credit risk rating.
Judgment regarding non-financial variables also plays a key role in assigning and evaluating credit risk. Among other things, lenders make subjective assessments of the borrower's character, commitment to repay, management capacity, and future business prospects. In a small sample of North Dakota lenders, Gustafson, Beyer, and Saxowsky found that lenders viewed honest and integrity as two of the most important subjective borrower characteristics.
The lender's assessment of subjective borrower characteristics such as character plays an important role in the credit risk evaluation process, but their impacts are difficult to quantify (Gustafson) . While financial condition and performance are likely to change relatively quickly, non-financial factors such as character and management capacity are unlikely to undergo sudden or frequent changes. To the extent that non-financial factors are important in determining credit ratings, they likely have a stabilizing impact on credit risk ratings. On the other hand, when the lender perceives a change in these factors, credit risk ratings may undergo substantial changes.
Because the loan officer plays a key role in assigning credit risk ratings it is likely that the ratings will be more stable than ratings based solely on current and historical financial conditions. Often, the loan officer's judgment plays a central role in determining whether the credit conditions associated with the borrower have changed.
These factors create the possibility that the loan officer will be reluctant to change his/her original assessment, because doing so may signal to superiors that a mistake was made in the original assessment. A downgrade also requires that the borrower receive greater monitoring attention and requires more of the loan officer's time and effort.
Although there have been few studies of credit risk migration for agricultural loans, anticipating changes in credit risk is critical to a lender's financial performance.
Lenders incur substantial costs monitoring credit risk. The loan servicing costs associated with high risk borrowers have been estimated at nearly 100 basis points greater than those associated with low risk borrowers (Gloy, Gunderson, and LaDue) . If changes in borrowers' credit risk are accurately identified, the lender can reduce costs associated with default. Anticipating credit risk changes also allows the lender to direct scarce monitoring resources to the loans that are the most likely to transition to a higher credit risk category.
Credit Risk Migration
Credit risk migration matrices describe the likelihood that an obligor, bond, or loan in one rating category will remain in that category or transition to another category in a subsequent period. Often, the likelihood of remaining in the same rating category from time t to t + 1 is referred to as the retention probability, while the probability of moving to a lower credit quality category is termed a credit downgrade, and moving to a higher credit quality a credit upgrade.
Several studies have been conducted on the credit ratings produced by Moody's and Standard & Poor's. For instance, Fons reports that for issues in the middle of Moody's ratings scale, the likelihood of upgrading is roughly equal to the likelihood of downgrading, and that retention probabilities are often the highest probabilities in credit risk migration matrices. Nickell, Perraudin, and Varotto report that the highest rated credits (on Moody's scale) Aaa, Aa, and A exhibit annual retention rates greater than 90%, Baa, Ba, and B exhibit retention rates greater than 80%, and that retention rates for credits of quality Caa and lower are less than 70%.
Fewer studies have been conducted on the ratings assigned to borrowers by a financial institution, or internal credit risk ratings. Internal credit risk ratings serve a variety of purposes including guiding loan origination, portfolio monitoring, analysis of adequacy of loan loss reserves, loan pricing analysis, and as inputs to portfolio risk models (Treacy and Carey) .
The lack of analysis of internal credit ratings is not surprising. Carey and Hrycay point out that that few institutions have developed data sets that allow researchers to estimate default and loss experience for their internal rating systems. They suggest that to estimate default by internal credit rating category, financial institutions often map their ratings into external ratings systems such as Moody's or Standard & Poor's or rely on credit scoring models to estimate the likelihood of default. The mapping approach is likely problematic in agricultural lending because in addition to obvious industry differences, agricultural businesses and loans are typically much smaller than those followed by the rating agencies.
Barry, Escalante, and Ellinger use a slightly different approach and estimate credit scores and credit risk migration matrices from farm business summary data. They find that retention rates are the highest rates in the credit risk migration matrices, but that these retention rates are much lower than those estimated in studies utilizing rating agency data. Their results could be due to the characteristics of the financial performance of agricultural businesses and/or the different types of data used to estimate the matrices.
As opposed to the "through-the-cycle" approach used by the rating agencies, theirs is based on the current and historical financial situation of the farm business.
The financial performance variability found in Barry, Escalante, and Ellinger's study is generally consistent with other studies of farm financial performance. For instance, Gloy, Hyde, and LaDue found evidence that profitability differences amongst farms tend to persist, such that the most profitable farms in any given year are likely to be the most profitable farms in subsequent years and the least profitable farms tend to be the least profitable in subsequent years. To the extent that profitability plays a role in credit ratings, this result would lead to similar conclusions as Barry, Escalante, and Ellinger.
Specifically, one would expect to find a tendency for credit ratings to remain constant over time, particularly for the highest and lowest credit ratings.
Data
Historical internal credit risk ratings and additional borrower level data were gathered from four agricultural lenders. The lenders represent both commercial banks and Farm Credit associations in the Northeastern United States. The lenders all have substantial agricultural loan portfolios, each with an agricultural loan portfolio approaching or exceeding $100 million.
In 2001, loan records for 589 borrowers were examined as part of the credit risk component of a larger research project (LaDue, Gloy, and Cuykendall; Gloy, Gunderson, and LaDue). Because most lenders' portfolios contain a large number of small, low risk relationships, a stratified sampling approach was used in order to obtain adequate data on larger and riskier lending relationships. Each lender's portfolio was stratified by three size and three risk categories. Then, a random sample of borrowers was selected from within each stratum (Table 1) . Relationships, not individual loans, were sampled. A loan relationship was defined to include all the loans and people associated with a single business.
The risk categories ranged from borrowers that represented the lowest credit risks to borrowers in the highest credit risk categories. Those in the high risk category were defined as borrowers whose debts were no longer accruing interest or those for which the lender had taken a write-off of principal and interest obligations. Borrowers in the highest risk category were at least 90 days past due on their interest and principal obligations for at least one loan, and many had experienced loan write-offs within the past year.
The majority of the data was collected from lender computer and paper loan files.
Specifically, loan files were examined in order to identify the lender's current credit rating for each borrower and the credit rating assigned to the borrower in 2001, 2000, 1999, and 1998 . In some cases the loan files did not contain credit ratings for previous years. For instance, the customer may have been recently added to the loan portfolio, and as a result, historical credit risk information was not available. The loan files were also used to gather data regarding loan balances, types and terms of loan products, and interest paid by the borrower.
Some data necessary for the study were obtained from a questionnaire completed by the loan officer responsible for the lending relationship. The questionnaire was designed to gather information regarding borrowers' personal and business characteristics and the amount of time that various personnel spent with borrowers over the prior 12 months.
Characterizing the Internal Risk Rating Systems
Regulators such as the Board of Governors of the Federal Reserve System (BOG) and the Office of the Comptroller of the Currency (OCC) divide asset quality into three general categories, pass, special mention, and adverse. As regulators, the BOG and the OCC are particularly concerned about the highest risk loans, those classified as adverse. Both regulators place adverse loans into substandard, doubtful, and loss categories. For loans in these categories, the lender expects to take a loss of interest and/or principal, or expects that the costs of securing and collecting their claims will be substantial.
Although the lenders in the sample represent commercial banks and Farm Credit System associations, their internal credit risk rating systems were similar. In order to make comparisons across lenders it was necessary to translate each lender's internal credit risk rating into a rating system that could be applied to all lenders. Each lender's risk rating system was translated into a five-tiered risk rating system to provide a scheme that could be applied across lenders ( Table 2 ).
The top three tiers of the risk rating system consist of pass quality loans. While the BOG and the OCC do not characterize the least risky loans beyond the pass categorization, all of the lenders in our sample used several categories to differentiate amongst pass quality loans, some using four and others three. Consequently, when the lender had four categories of pass loans, two categories were merged to result in three tiers of pass quality loans. The financial condition of borrowers in the top three tiers is relatively strong with solid financial conditions and repayment capacity that declines from tier one to tier three. The amount of monitoring also increases as a borrower moves from tier one to tier three.
The special mention rating category became the fourth tier in the risk rating system. Each of the lenders used a risk rating category to identify loans in the regulatory category of special mention or OAEM (other assets especially mentioned). These borrowers require significant monitoring efforts and have significant weaknesses that threaten repayment capacity.
The fifth tier of the system contained all of the borrowers with adversely classified loans. In general, there were very few lending relationships in the adverse risk categories. Three of the financial institutions used risk rating systems that directly correspond to the three adverse subcategories used by BOG and OCC. One lender used a more refined internal measure for adverse loans (4 categories of adverse loans), and one used a less refined internal measure, grouping all adverse loans into one category.
Borrowers in tier five are past due on their debt payments, and the lender is likely to take a loss on these loans.
Credit Risk Migration Matrices
Migration matrices were developed to describe the proportion of borrowers that arrived in a risk rating class in period t given their risk rating in period t-k. The entries of the credit risk migration matrix for year t-k to year t are given by p ij .
(1)
where n ij is the number of borrowers transitioning from credit risk category i to j, and N i is the number of borrowers in credit risk category i in period t-k. Under this formulation, the rows of the migration matrix sum to 1 and the entry in a given cell indicates the proportion of borrowers that began the period in tier i and ended in tier j.
When calculating the migration matrix, each of the observations was weighted for consistency with its proportion in the lenders' portfolios. Weighting was necessary because the study design relied upon a stratified (size and risk) sampling approach when selecting borrowers for analysis. The data cover the years 1998 to 2001 so that it is possible to construct migration matrices that cover a variety of time intervals. At most, each borrower has a credit risk rating for each year from 1998 to 2001. Because some borrowers entered the lender's portfolio after 1998, the number of borrowers covered by a time period increases through time. For example, the number of borrowers with data for the period 1998-1999 is 521, the number for 1999-2000 is 551, and the number is 576 for 2000 to 2001.
As measured by the average farm financial conditions in New York State, the average net cash income, rate of return on assets, and debt repayment capacity increased considerably over the period (Table 3) . Although these measures are not perfect indicators of the economic conditions in other states and the state average aggregate across all types of farms, it appears that the time period was generally favorable to farm financial performance.
Results are presented for one-, two-, and three-year migration matrices (Tables 4-6 ). The one-and two-year migration matrices include results from multiple time periods, while the three-year migration matrix is the only matrix that can be estimated from the data. For instance, the three annual migration matrices (1998 to 1999, 1999 to 2000, and 2000 to 2001) , are presented in Table 4 . The individual probabilities in the table are the likelihood that a borrower in row i transitioned to column j. The row and column totals report the total proportion of borrowers in each row or column in any given year.
Across all time periods and risk classifications, internal credit risk ratings exhibit high retention rates.
1 For instance, the retention rate for the lowest risk borrowers ranged from 98.6% to 93.8% in the annual case (Table 4) to 88.9% in the three year case (Table   6 ). Of the lowest risk borrowers (tier one) experiencing a credit downgrade, the vast majority were downgraded one credit quality level to tier two and a very small proportion transitioned to special mention (tier four). Nearly 33 percent of the institutions' borrowers ended the period in tier one (Table 4) .
Borrowers in the highest risk tier also showed a very strong tendency to remain in the highest risk category (91.4% to 96.5% in the annual migration cases). Roughly 7 percent of the borrowers were placed in this category. It is important to point out that these results represent borrowers, not loan volume. Migration from the highest risk tier was most often to the special mention category. For example, from 1999 to 2000, 8% of the borrowers in tier four transitioned to tier five (Table 4) The matrices also demonstrate that the likelihood of transitioning to the highest risk category increases substantially as credit quality declines. For instance, it is extremely rare for a borrower in tier one or two to transition to tier five. The greatest probability of transitioning from tier one or tier two to tier five is 1.3% which occurs for tier two borrowers in the three year matrix ( credits. There are several potential explanations for these differences.
Lenders form credit risk ratings on the basis of limited historical data and their perspective on how future conditions will impact credit quality. The results in this study incorporate the significant impact that lender judgment has on credit risk assessment.
Most lenders consider factors such as the borrower's character, track record with debt repayment, and collateral when evaluating credit risk. These factors are likely to be much less variable than farm business performance. The internal ratings in this study also reflect the impact of the lender's assessment of future financial conditions. In this respect the estimates in Tables 4-6 are more representative of a "through-the-cycle" approach to credit risk than a "point-in-time" approach.
It is possible that were a longer time period considered, economic cycles in the farm sector could influence the credit risk migration matrices estimated in Tables 4-6 .
However, the different cycle timing for various enterprises likely reduces the impact of cycles on the portfolio (except for the case of an industry-wide recession) and the value of historical data beyond 2 to 3 years decays rapidly (Novak and LaDue). Table 7 reports the population estimates as well as the proportion of the sample that underwent changes in credit risk over the 4 year period of the study. Consistent with the credit risk migration matrices, no change in credit risk was the most common occurrence, and credit quality downgrades were more prevalent than upgrades. The population estimates suggest that over a 4 year period the vast majority (83.9%) of the relationships in the portfolio experienced no change in credit risk, 4.8% were upgraded, and 11.8%
Explaining Credit Downgrades
were downgraded. The data also indicate that it is rare for a borrower to be upgraded or downgraded more than one credit quality category.
A logistic regression model was developed to examine the factors that influence the likelihood of a credit quality downgrade over the period 1998 to 2001. 
where the probability of a credit quality downgrade is a function of a matrix of explanatory variables, X, and β is a vector of parameters to be estimated. Because controls for size and risk are included, the model was estimated with unweighted sample data. This approach does not produce estimates of the population model. Estimating the population model would reduce the impact of size and risk. In other words, weighting by relationship will emphasize the small/low risk loans that are more prominent in a lender's portfolio. Instead, the borrower's average daily loan balance was used to control for size and indicator variables for the borrower's 1998 risk rating were used to control for initial credit risk level. The model includes indicator variables identifying the lending institution in order to allow for the possibility that some lenders are more likely to downgrade borrowers than other lenders. Additional variables were included to investigate the influence of a variety of borrower characteristics on the likelihood of a credit quality downgrade. These characteristics included the primary agricultural enterprise, the lending institution that made the loan, the borrower's business stage, and personal stage. The expected impact of these variables is described below. Two sets of indicator variables were included to describe borrowers' business stage and personal characteristics. As part of the questionnaire that loan officers completed for each lending relationship, they were asked to identify each borrower's business stage as a beginning farmer, a growing business, a stable business, or a disinvesting/declining business. The characteristics of each stage were defined by a detailed set of instructions given to the loan officers. The business stages were generally defined to correspond to those described by Boehlje and Eidman's farm business lifecycle (Table 8) . The questionnaire provided an opportunity to distinguish transferring businesses from disinvesting/declining businesses, but these categories were combined for purposes of analysis. It is expected that other things equal, beginning and growing businesses will have the greatest chance of experiencing adverse financial outcomes and will have the greatest likelihood of a credit risk decline.
Finally, a set of indicator variables was included to describe borrowers' personal characteristics. Loan officers were asked whether the primary borrower was single, married without children, married with young children, married with college age children, in their "silver years" (actively involved in the management of the business but children are past college age), or in retirement. For implementation the categories were aggregated into single, married (with or without children), silver years, or retirement.
The expected impact of the personal stage variables on the likelihood of a credit quality downgrade is unclear. As an individual passes through different life stages it is likely that their financial needs, desires, and risk tolerance will change. For instance, borrowers that are married or approaching retirement likely have greater cash flow needs and less tolerance for risk than a single individual. If this is true one would expect that single borrowers would be the most likely to experience a downgrade.
The model was estimated using data from borrowers with credit risk ratings that covered the entire four year period and that began the period with a credit rating better than the adverse category (tier five). Excluding these borrowers and those with missing data for explanatory variables resulted in 411 observations. The parameter estimates for the model and the associated marginal effects calculated at the means of the explanatory variables are shown in Table 9 . Because the model is non-linear, the marginal effects change as the levels of the variables change.
The model fit is reasonable, but not outstanding if one considers its success in classifying borrowers that did and did not experience a downgrade over the period (Table   10 ). The model correctly predicted only 37 of the 117 borrowers that experienced a credit quality downgrade over the four year period.
The significance of the group of indicator variables for the lending institution
indicates that the likelihood of a downgrade varied by lender, with lender two having a higher likelihood of downgrading borrowers. Because the model controls for borrower size, risk, and industry types one can conclude that the lender effect is likely due to institutional differences in how credit quality is analyzed and evaluated. Lenders two and three had the greatest differences in the likelihood of downgrading.
The borrower's initial risk tier is one of the best predictors of whether a borrower will experience a downgrade. Reinforcing the conclusions drawn from the migration matrices, the likelihood of a downgrade increases rapidly as credit risk increases beyond tier one. The explanatory variables for risk rating tier indicate that other things equal, borrowers that were in tier two in 1998 had a 12.56% greater chance of experiencing a downgrade than did borrowers who were in credit risk tier one in 1998 and borrowers in tier three were nearly 26% more likely to downgrade than those in tier one. As opposed to the data in the credit risk migration matrices, this result is a relatively pure risk effect.
Borrowers in tier four were not more likely to experience a downgrade than those in tier one (the omitted group). This result reflects the fact that similar proportions of borrowers in tiers one and four experienced downgrades. However, those in tier four can only downgrade to tier five which has additional regulatory implications, while a downgrade from tier one to tier two, or three is primarily for the lender's managerial purposes.
The personal and business stage indicator variables show some promise in identifying borrowers that are likely to experience downgrades. The significance of these variables highlights the importance of the lender's judgment over non-financial factors when assigning credit risk.
Borrowers that managed businesses in the disinvesting/declining business stage were by far more likely to experience a downgrade.
3
Borrowers in the beginning, growth, or stable (omitted from model) stages all had similar likelihoods of experiencing a downgrade.
As expected, the personal stage variables indicate that older borrowers tend to have a lower likelihood of credit quality downgrades. The size of the marginal effect is quite large and would indicate that the effect is similar in magnitude to the risk effect described earlier. It is likely that these borrowers are operating more established businesses and probably take less relative risk than some of their peers with less established businesses.
As a group, the borrower's primary agricultural industry did not have a substantial impact on the likelihood of a credit risk downgrade. This is not to say that some industries are not more or less risky. However, once risk tier has been established, it did not appear agricultural enterprise contributes to the likelihood of a credit risk downgrade at meaningful levels of statistical significance.
Summary
The credit risk ratings assigned to 589 borrowers were gathered from agricultural lenders covering the period of 1998 to 2001. Each lender's credit risk rating system was mapped into a five-tiered risk rating system in order to compare the ratings across lenders. The ratings were used to develop credit risk migration matrices. The matrices demonstrated a strong tendency for borrowers to remain in their current credit risk class. This tendency was substantially greater than found in the credit risk migration matrices estimated from farm record data by Barry, Escalante, and Ellinger.
In most cases, the likelihood of experiencing a credit quality downgrade was greater than the likelihood of a credit quality upgrade. It is apparent that the likelihood of transitioning to the adverse credit category (tier five) increases considerably as credit risk increases. The likelihood of transitioning directly from the lowest risk category to highest risk category was nearly zero. On the other hand, the chances of transitioning from the special mention category (tier four) of the risk rating system to the adverse category (tier five) ranged from 1% to 14% depending on the time period considered.
In general, the results in this study indicate that lender risk ratings are more stable than ratings based on credit scores estimated from financial statements. The results highlight the importance that non-financial factors plays in assessing credit risk. When assessing credit risk the lender must account for factors such as management capacity, commitment to repay, character, and collateral in addition to financial conditions. The judgment of these factors produces credit risk ratings that are much more stable than ratings produced only from variables constructed from financial statements. Because these non-financial statement factors play such an important role in stabilizing credit risk, additional work is needed to understand the factors that lenders consider and how these factors contribute to their assessment and how these factors influence repayment.
Additional data with a longer time horizon are needed to more completely assess migration. One of the most important issues related to credit risk is developing an understanding of how internal credit risk ratings relate to actual loan losses. In order to make this assessment additional data and work are needed to estimate economic losses generated by high risk and default loans. Notes:
1. The lenders in the study do not necessarily re-rate all of their loans. While the situation of most loans is evaluated each year, it is possible that some performing loans remain in their current category simply because their situation is not thoroughly evaluated. It is difficult to accurately estimate the number of relationships that fall into this situation, but one would expect that it should be relatively small. The lender has an incentive to accurately assess credit risk deterioration and the borrower has an incentive to encourage the lender to accurately assess credit risk improvement.
2. Although it is technically possible to estimate a model that explains upgrades as well as downgrades, there were relatively few upgrades experienced in the sample. Experimentation with a simple logit model for upgrades and found no statistically significant parameters. This result limited the interpretive power that might be gained by estimating an ordered logit model. Models that would examine downgrade severity or the number of years in a cell was also beyond the data as most downgrade/year cells would contain a very limited number of borrowers.
3. Because the lender's opinion was used to identify businesses that are in decline it is possible that this relationship is endogenous with changes in credit quality. However, this effect should be minimized because the questionnaire used to collect the information about business stage did not use any mention of credit quality to define the various business stages. • Classified, substandard, doubtful, or loss • Inadequate collateral and repayment capacity.
• The likelihood of loss of interest and principal is high or the lender must go to great lengths to protect their position • All loans for which interest and principal are in excess of 90 days past due or classified as non-accrual.
• Repayment likely depends upon collateral. a The descriptions of the regulatory classifications (4 and 5), draw heavily on the descriptions provided in "Rating Credit Risk" of the Comptroller's Handbook (pages 16-18). The descriptions of tiers 1, 2, and 3 were developed directly from information provided by the participating financial institutions. Growth A business that is in the expansion or growth phase of the business. Expansion of the business is a part of the plan of the operator(s). They may have expanded within the last few years or are planning to expand within the next few years. They may be operating in a manner to gradually expand their business Stable A business in which the operator has achieved the maximum size that (s)he desires or believes to be achievable. While modest growth or decline in the size of the business may take place over time, it is not the intent of the management to increase (or decrease) the size of the business.
Decline or Disinvestment
A business that is in the process of being transferred or a business that is declining in either size or aggressiveness of the manager. The manager may be reducing the size by renting less land or custom hiring functions. The business may be stagnating or atrophying. The operator may be "hanging on" until retirement or sale of the farm. 
